Substrate binding and turnover by the highly specific I-PpoI endonuclease.
Intron-encoded endonucleases are distinguished by their ability to catalyze the cleavage of double-stranded DNA with high specificity. I-PpoI endonuclease, an intron-encoded endonuclease from the slime mold Physarum polycephalum, is a small enzyme (2 x 20 kDa) that catalyzes the cleavage of a large asymmetric DNA sequence (15 base pairs). Here, the interactions of I-PpoI with its substrate were examined during both binding (in the absence of Mg2+) and catalysis (in the presence of Mg2+). Using circular permutation assays, I-PpoI was shown to bend its substrate by 38 +/- 4 degrees upon binding. Two independent methods, gel mobility shift assays and fluorescence polarization assays, revealed that I-PpoI binds tightly to its substrate. Values of Kd range from 3.3 to 112 nM, increasing with increasing NaCl concentration. Similar salt effects on the values of Km were observed during steady-state catalysis. At low salt concentrations, the value of kcat/Km for the cleavage of an oligonucleotide duplex approaches 10(8) M-1 s-1. Although other divalent cations can replace Mg2+, catalysis by I-PpoI is most efficient in the presence of an oxophilic metal ion that prefers an octahedral geometry: Mg2+ > Mn2+ > Ca2+ = Co2+ > Ni2+ > Zn2+. Together, these results provide the first chemical insight into substrate binding and turnover by an intron-encoded endonuclease.